INTRODUCTION
Duane retraction syndrome (DRS) is defined by a congenital strabismus, characterised by horizontal eye movement deficiency (adduction, abduction or both), globe retraction and palpebral fissure narrowing on attempted adduction due to failure of cranial nerve VI with abduction paralysis (in DRS type 1) or adduction paralysis (in DRS type 2). DRS is a clinically and genetically heterogeneous condition observed in B1-4% of patients with strabismus. 1, 2 DRS can be associated with intellectual disability or developmental delay and is observed in several genetic diseases such as Goldenhar (OMIM 164210) or Wildervanck syndrome (OMIM 314600).
Here, we report on the third patient with DRS, developmental delay, facial features and duplication of the long arm of chromosome 8 (8q12), and suggest the possibility of a novel specific genetic entity with DRS and developmental delay.
PATIENT AND METHODS

Patient report
The boy was aged 2 years and 3 months when referred to the Genetic Department for developmental delay associated with DRS. He was the first child born to healthy, unrelated parents. Prenatal screening revealed bilateral hydronephrosis at 23 weeks of gestation (WG). The baby was born at 36 WG by a planned Caesarean section for maternal gravidic hypertension. Birth parameters were in the normal range (weight 2120 g (À1 SD), length 44cm (À1 SD), OFC 29.5 cm (À1 SD)). He presented hypotonia and feeding difficulties since the first days of life.
At the age of 2 years and 3 months, clinical examination showed normal growth parameters (OFC À2 SD, weight À1 SD, height À0.5 SD). Growth remained in the normal range (at the age of 5 years: OFC À1.5 SD, weight À1 SD, height À0.5 SD).
Psychomotor development was delayed. He sat at 13 months, started walking at 21 months and achieved diurnal toilet training at 5 years. He spoke B30 words at 3 years with normal understanding and said his first sentences at 5 years. The patient was very quiet but had mild autistic behaviour troubles such as anxiety and auto-and hetero-aggressivity.
To explore his psychomotor developmental delay, neuropsychological testing was performed at the age of 4 years. The evaluation concluded to the absence of intellectual disability (performance IQ score with WPPSI-III scale was 98).
Physical examination at the age of 4 years revealed facial asymmetry, right plagiocephaly, low posterior hairline, horizontal eyebrows with flaring of the proximal portion, long eyelashes, slight epicanthus, wide protruding ears, wide nasal root, bulbous nasal tip with short columella, long and smooth philtrum, wide mouth, thin upper lip, full lower lip, full cheeks (Figure 1a) , high implanted umbilicus, anal anteposition. Ophthalmological examination revealed mild esotropia in primary position of the left eye (Figure 1a ). Ocular motility examination was performed, and concluded to normal motility of the right eye and defective abduction of the left eye. Globe retraction and palpebral fissure narrowing on attempted adduction was also observed. Ophthalmological investigation concluded to DRS type 1 of the left eye.
ENT investigation concluded to normal hearing. Kidney ultrasound revealed bilateral hypoplasia of the lower part of the kidney and bilateral pyelectasis. Skeletal X-ray showed hypoplasia of the left-sided rib and a small mandible. Heart ultrasound was normal.
Cytogenetic investigations
Karyotype was established using standard procedures for cell culture and chromosome banding.
Array genomic hybridization analysis was performed for the child and his parents. DNA was extracted from whole blood using the QIAamp DNA Blood Maxi Kit (Qiagen, Courtaboeuf, France) according to the supplier's protocol. Microarray analysis was performed using Genome-Wide Human SNP Array 6.0 (Affymetrix, High Wycombe, UK) according to the manufacturer's instructions. The Array was analyzed using the Scanner 3000 7G and Command Console Software (AGCC; Affymetrix). Results were processed and visualized by Genotyping Console software 4.0 and Visiopuce (http://www.renapa.univ-montp1.fr/ spip.php?article96&lang=fr) a French academic database used for CNV analysis in combination with other academic databases (DECIPHER and ECARUCA). DNA sequence information refers to the public UCSC database GRCh37 (hg19). FISH experiments using probes were performed according to standard procedures. Probes RP11-51L11 (8q12.1), RP11-33I11 (8q12.2; overlapping CHD7 gene) and RP11-763K01 (8q12.3) were obtained from Human 32K clone set. 3 Plasmid a-centromeric-specific pZ8.4 probe, used as a control, was kindly provided by Dr M Rocchi (University of Bari, Bari, Italy). Probes were cultured in LB medium with an appropriate antibiotic selection. Probe DNA was extracted from the cell pellet using the QIAamp Plasmid Midi Kit (Qiagen) according to the supplier's protocol.
RESULTS
Blood chromosomes from the patient and his parents were normal. SNP-array analysis and FISH of the parents were normal whereas SNParray analysis of the affected child revealed a duplication of the long arm of chromosome 8 of B3.85 Mb (arr 8q12.1q12.3(60219746-64072039)x3 dn (hg19)). The duplication was confirmed using the BAC probe RP11-33I11 encompassing the CHD7 gene (Figure 1b , white arrow) and the BAC probes RP11-51L11 and RP11-763K01. However, we failed to determine whether the duplication was inverted or in tandem. DISCUSSION DRS is observed as an isolated feature or in association with other features such as developmental delay or malformations. According to the London medical database the association of DRS with developmental delay as been observed in few patients in around nine entities including six syndromes (ie, Bardet Biedl syndrome (OMIM 209900), 4 Blepharophimosis Ptosis Epicanthus Inversus Syndrome(OMIM 110100), 5 Goldenhar syndrome (OMIM 164210), 6 Moebius syndrome (OMIM 157900), 7 Wildervanck syndrome (OMIM 314600) 8 and Athabascan brainstem dysgenesis syndrome (OMIM 601536) 9 ), foetal alcohol syndrome, 10 and several chromosomal anomalies namely 12q12 microdeletion 11 and 20q13.13-13.2 deletion. Clinical features associated with the 20q13.13-13.2 deletion are probably due to a contiguous gene deletion encompassing the SALL4 gene responsible for Okihiro syndrome (DRS, renal deficiency and limb features) 12 and other genes responsible for intellectual disability.
Several 8q anomalies have been observed in patients with DRS namely 8q12.2-q21.2 deletion in one patient, 13 8q13 deletion in one 15 and 8q12.2 duplication in two patients. 16, 17 We report on the third patient with an 8q12.2 duplication 16, 17 and identify common clinical features in an attempt to delineate a new recognizable phenotype.
The clinical similarities between the three patients with 8q12 duplication are summarized in Table 1 . Common features in these patients were neurodevelopmental delay (neonatal hypotonia, delayed sitting, walking, toilet training) with language delay, DRS and facial features (horizontal, flared medial eyebrows becoming thinner laterally, long and smooth philtrum, bulbous tip of the nose, wide Cupid's bow, thin upper lip and full lower lip and full cheeks). Heart and kidney malformations as well as deafness were inconstant but seem to be features of this novel syndrome.
The present reported patient has a de novo 3.85 Mb duplication encompassing eight genes. The size of the minimal critical region observed in the three patients (Figure 1c ) is B1.2 Mb, and is located at 8q12.2. This region encompasses only four genes, namely, carbonic anhydrase VIII (CA8), ras-related protein RAB2B (RAB2), clavesin 1 (CLVS1) and chromodomain helicase DNA-binding protein 7 (CHD7) genes.
In an attempt to determine which genes (or combination of genes) are responsible for the phenotype observed in the three patients, we considered the known functions of the genes located in the minimal critical region.
The CA8 gene encodes for a protein that modulates intracellular calcium signalling. This protein is highly expressed in cerebellum Purkinje cells. 18 Homozygous loss of function mutations of the CA8 gene have been found to be associated with mild intellectual disability and ataxia with quadrupedal gait (OMIN 613227). 19 To the best of our knowledge, no germinal gain of function of the CA8 gene has been described so far.
The RAB2B gene encodes for a GTP-binding protein that controls vesicular fusion and trafficking in Golgi apparatus in eukaryotic cells. 20 The clavesin 1 gene (CLVS1, also named retinaldehyde-binding protein 1-like 1, RLBP1L1) belongs to the clavesin family, which is expressed exclusively in neurons, and appears to provide neuronspecific regulation of late endosome/lysosome morphology. 21 To date no gain of function of this gene has been described in the literature.
The CHD7 gene encodes for a protein involved in the development of the embryo by modifying chromatin organization and the regulation of transcription. 22 The protein products of the CHD7 gene can modulate genes in either the positive or negative direction, suggesting that gene dosage of the CHD7 gene may have an effect on the regulated genes. 23 To our knowledge, no information is available in the literature regarding pathological effects secondary to overexpression of the CHD7 gene. However, loss of function of this gene leads to CHARGE syndrome 24 possibly by dysregulation of tissue-specific gene expression. It is interesting to note that 8q12.2 duplication and CHARGE syndrome involve several similar anatomic regions namely brain, eyes, ears, heart and genitourinary tractus even if the clinical manifestations observed in these two genetic conditions are different. It is tempting to speculate that three copies of this gene may be responsible for a part of the phenotype observed in the patients with 8q12.2 duplication.
Moreover, two loci on chromosome 8 are known to be associated with DRS. One of these is located on the long arm of chromosome 8 at the 8q13.2 locus, between genomic markers SHGC37325 and WI4901, 6 Mb from the common duplicated region described in this report (Figure 1c ). This locus encompasses the CPA6 gene, which has been reported to be deleted 15 or interrupted 25 in patients with DRS. However, a formal role of CPA6 in abducens development is questionable regarding experimental Zebrafish data. 26 The very long CHD7 duplication C Amouroux et al distance separating this locus and the 8q12.2 duplication region observed in our patients makes unlikely a link between this locus and the DRS observed in the three patients with 8q12.2 duplication. However, we cannot rule out the existence of a long-range regulatory element of the CPA6 gene in 8q12.
We believe that patients with 8q12.2 duplication share a common novel syndrome with a recognizable phenotype characterized by DRS, developmental delay, facial features and variable heart and kidney malformations. We hypothesize that CHD7 duplication is responsible for a part of the features observed in 8q12.2 duplication. Future studies aimed at investigating for duplication of the CHD7 gene in patients with DRS, developmental delay, similar facial features and normal chromosomal studies are necessary to confirm our hypothesis.
